TITLE OF THE INVENTION 
SEMICONDUCTOR MEMORY DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2003-47732, filed February 25, 2003, 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
memory device. More specifically, the invention 
relates to a semiconductor memory device having a 
5-transistor SRAM (static random access memory) cell 
structure . 

2. Description of the Related Art 

Recently, in 6-transistor SRAM cells, it has been 
more difficult to ensure stability as variations in 
threshold value increase due to microf abrication of 
transistors. In contrast, 5-transistor SRAM cells are 
so configured that the sizes and threshold values of 
transistors making up the cells become asymmetrical and 
thus have an advantage that its stability is secured 
more easily than the 6-transistor SRAM cells without 
increasing the cell size or reducing the cell current. 
A 6-transistor SRAM cell tends to be configured so 
as to read data through a single port; therefore, 



a difference in access speed between the prior art 

5- transistor SRAM cell (having a dual port) and the 

6- transistor SRAM cell becomes smaller, though the 
5-transistor SRAM cell had a great disadvantage in 

5 access speed. In the prior art 5-transistor SRAM 

cells, however, it is difficult to write data "1" while 
keeping data of non-selected cells, and thus the cells 
are difficult to achieve as an array. 

The structure of a prior art 5-transistor SRAM 

10 cell will now be described in brief. As shown in 

FIG. 10, the prior art 5-transistor SRAM cell includes 
a pair of CMOS (complementary metal oxide semicon- 
ductor) inverter circuits 101 and 102 each having 
a latch structure for data storage and an input/output 

15 control transistor (gate transistor) 103 which is 

connected between the output terminal of the CMOS 
inverter circuit 101 and a bit line BL and whose gate 
is connected to a word line WL. The 5-transistor SRAM 
cell can reduce the number of transistors and that of 

20 bit lines by one and thus its area reduction effect is 

greater than that of the 6-transistor SRAM cell. 

The prior art 5-transistor SRAM cell has only one 
bit line BL. Therefore, the same bit line BL has to be 
used to write both data "0" and "1." 

25 An operation of writing data 11 1" in the prior art 

5-transistor SRAM cell will now be described. In "1" 
data write mode, the bit line BL is set at a high (Hi) 



level to turn on a gate transistor 103 as shown in 
FIG. 11. If, in this time, the output (Lo — ► Hi) of 
the CMOS inverter circuit 101 becomes higher than the 
threshold value of input of the CMOS inverter circuit 
102, the output of the CMOS inverter circuit 102 is 
inverted (Hi — » Lo) . Accordingly, the input of the 
CMOS inverter circuit 101 is inverted and thus writing 
of data 11 1 " is completed. 

The output of the CMOS inverter 101 in " 1" data 
write mode depends upon the ratio of on-resistance of 
the gate transistor 103 to that of a driver transistor 
(N-type MOS transistor) 101a. It is thus necessary to 
set the above on-resistance such that the output of the 
CMOS inverter circuit 101 becomes considerably greater 
than the threshold value of the input of the CMOS 
inverter circuit 102. In most cases, however, the 
on-resistance of the driver transistor 101a has to be 
set lower in order to ensure the cell current and 
stabilize the cell. For this reason, conventionally, 
it was difficult to set the above on-resistance such 
that the output of the CMOS inverter circuit 101 became 
very high in "1" data write mode. 

BRIEF SUMMARY OF THE INVENTION 

According to an aspect of the present invention, 
there is provided a semiconductor memory device 
comprising first and second CMOS (complementary metal 
oxide semiconductor) inverter circuits each having 



a latch structure, a control transistor which is 
connected between a storage node of the first CMOS 
inverter circuit and a bit line and whose gate is 
connected to a word line, and a selection circuit to 
apply one of a first voltage and a second voltage 
different from the first voltage to a power supply node 
of at least the second CMOS inverter circuit, wherein 
the selection circuit applies the second voltage to the 
power supply node of the second CMOS inverter circuit 
at least in 1 data write mode. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a circuit arrangement of an array 
section of an SRAM according to a first embodiment of 
the present invention; 

FIG. 2 is a graph of static transfer characteris- 
tics of 5-transistor SRAM cells (non-selected cells) 
that make up the array section shown in FIG. 1; 

FIG. 3 is a circuit arrangement of an array 
section of an SRAM according to a second embodiment of 
the present invention; 

FIG. 4 is a graph of static transfer characteris- 
tics of 5-transistor SRAM cells (non- selected cells) 
that make up the array section shown in FIG. 3; 

FIG. 5 is a circuit arrangement of a selector 
circuit ; 

FIGS. 6A to 6D are timing charts showing an 
operation of writing data "1" by use of the selector 
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circuit shown in FIG. 5; 

FIG. 7 is another circuit arrangement of the 
selector circuit; 

FIG. 8 is a circuit arrangement of an array 
5 section of an SRAM according to a third embodiment of 

the present invention; 

FIG. 9 is a circuit arrangement of an array- 
section of an SRAM according to a fourth embodiment of 
the present invention; 
10 FIG. 10 is a circuit arrangement of prior art 

5- transistor SRAM cells to describe its problems; and 

FIG. 11 is a circuit arrangement of the prior art 
5-transistor SRAM cells to describe an operation of 
writing data "1." 
15 DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will now be 
described with reference to the accompanying drawings. 
(First Embodiment) 

FIG. 1 shows a circuit arrangement of an array 
20 section of a semiconductor memory device (SRAM) 

according to a first embodiment of the present 
invention. The array section has a memory structure 
as shown in FIG. 1. In other words, a plurality of 
5-transistor SRAM cells 11 are connected in parallel to 
25 a plurality of bit lines BL and a plurality of word 

lines WL. Each of the cells 11 includes a latch 
structure section 12 for data storage and a control 



transistor (N-type MOS transistor) 13 . 

The latch structure section 12 includes a pair of 
CMOS inverter circuits (first CMOS inverter circuit 21 
and second CMOS inverter circuit 22) . The first CMOS 
inverter circuit 21 is formed by connecting the gate 
terminals of a P-type MOS transistor (load transistor) 
21a and an N-type MOS transistor (driver transistor) 
21b and connecting the drain terminals thereof. 
A voltage VDD is applied to the source terminal of the 
P-type MOS transistor 21a. A voltage VSS is applied to 
the source terminal of the N-type MOS transistor 21b. 
The second CMOS inverter circuit 22 is formed by 
connecting the gate terminals of a P-type MOS 
transistor (load transistor) 22a and an N-type MOS 
transistor (driver transistor) 22b and connecting the 
drain terminals thereof. A source terminal of the 
P-type MOS transistor 22a, which serves as a power 
supply node, is connected to a VDD power line (power 
control node) 31. A voltage VSS is applied to the 
source terminal of the N-type MOS transistor 22b. 
The output terminal of the first CMOS inverter circuit 
21 (common drain of the P-type MOS transistor 21a and 
N-type MOS transistor 21b) is connected to the input 
terminal of the second CMOS inverter circuit 22 (the 
common gate of the P-type MOS transistor 22a and N-type 
MOS transistor 22b) . The output terminal of the second 
CMOS inverter circuit (the common drain of the P-type 



MOS transistor 22a and N-type MOS transistor 22b) is 
connected to the input terminal of the first CMOS 
inverter circuit 21 (the common gate of the P-type MOS 
transistor 21a and N-type MOS transistor 21b) . 

The drain terminal of the control transistor 13 is 
connected to the bit line BL and the source terminal 
thereof is connected to the storage node (output 
terminal) of the first CMOS inverter circuit 21 in 
the latch structure section 12 . The gate terminals 
of control transistors 13 of a given number of 
5-transistor SRAM cells 11 connected to their common 
bit line BL are connected to different word lines WL. 

A plurality of VDD power lines 31 are provided and 
each of the power lines 31 is common to a plurality of 
5-transistor SRAM cells 11 arranged in the direction of 
the bit line BL. In other words, each of the' VDD power 
lines 31 is connected to the source terminals of P-type 
MOS transistors 22a of at least the second CMOS 
inverter circuits 22 of a given number of 5-transistor 
SRAM cells 11 connected to their common bit line BL. 
A first power supply 3 5 and a second power supply 3 7 
are connected to each of the VDD power lines 31 via 
a power supply selection switch (selection circuit) 33. 
The first power supply 3 5 generates a first voltage 
VDD and the second power supply 3 7 generates a second 
voltage VDD-Av. Av is set at about 5% to 30% of 
the first voltage VDD. In other words, the second 
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voltage VDD-Av is set at about 95% to 70% of the first 
voltage VDD . 

The power supply selection switch 33 is controlled 
in response to a selection control signal (e.g., a word 
5 line selection signal that has not yet been decoded) 

corresponding to the rise time of the word line WL. 
In other words, the switch 33 is used to apply the 
second voltage VDD-AV to the VDD power supply line 31 
at least in "1" data write mode. 

10 The SRAM having a memory structure as described 

above has a standby mode, a data read mode, a "0" data 
write mode and "1" data write mode. A load voltage 
(power supply voltage of the second CMOS inverter 
circuit 22) is controlled in different manners in 

15 the "1" data write mode and the other modes. More 

specifically, in the standby, data read, and "0" data 
write modes, the first voltage VDD is applied to the 
source terminal of the P-type MOS transistor 22a from 
the first power supply 35 as in the prior art. In the 

2 0 "1" data write mode, the power supply selection switch 

33 is controlled to apply the second voltage VDD-Av, 
which is lower than the first voltage VDD by AV, to 
the source terminal of the P-type MOS transistor 22a 
from the second power supply 37. Thus, the power 

25 supply voltage applied to the second CMOS inverter 

circuit 22 lowers and accordingly the threshold value 
of the input of the second CMOS inverter circuit 22 



decreases. The output of the second CMOS inverter 
circuit 22, which has not yet been inverted, is 
decreased by voltage Av. In the first CMOS inverter 
circuit 21, the on-resistance of the N-type MOS 
transistor 21b increases and so does the output 
thereof. Consequently, the 5-transistor SRAM cells 11 
are likely to cause an inversion operation for writing 
data "L" 

As described above, the threshold value of input 
of the second CMOS inverter circuit 22 is temporarily 
decreased in "1" data write mode in the 5-transistor 
SRAM cell (selected cell) 11. Thus, data "1" 
can stably be written to the selected cell. 
The conventional problem of "1" data writing in the 

5- transistor SRAM cell can thus be avoided. 

In particular, if a sufficient voltage Av (e.g., about 
30% of the first voltage VDD) is secured, substantially 
the same write speed as that of a generally-used 

6 - transistor SRAM cell can be maintained. 

The following are descriptions of degradation of a 
signal noise margin (referred to as an SNM hereinafter) 
in the other 5-transistor SRAM cells (non-selected 
cells) arranged in the direction of the bit line BL, 
which is likely to cause a problem in "1" data write 
mode. The SNM corresponds to the length of one side of 
the largest square within an area surrounded with the 
static (transfer) characteristics (of the two cell 
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inverters) in "1" data write mode and data read mode. 
One cell has two areas surrounded with the static 
(transfer) characteristics (of the two cell inverters) , 
and a smaller one of two SNMs defined by the- respective 
areas is referred to as an SNM of a cell. 

FIG. 2 shows static transfer characteristics of 
a non-selected cell of the 5-transistor SRAM cells 
according to the first embodiment of the present 
invention. In FIG. 2, the solid lines indicate the 
static (transfer) characteristics (of the two cell 
inverters) in "1" data write mode and the broken lines 
indicate the static (transfer) characteristics (of the 
two cell inverters) in data read mode. Further, V21 
shows a power supply voltage of the first CMOS inverter 
circuit 21, V22 shows a power supply voltage of the 
second CMOS inverter circuit 22, O21 denotes an output 
of the first CMOS inverter circuit 21, and O22 
represents an output of the second CMOS inverter 
circuit 22. In "1" data write mode, the same voltage 
drop (- Av) occurs in the non-selected 5-transistor 
SRAM cells 11 connected to their common VDD power line 
31. However, the degradation of SNM in "1" data write 
mode does not particularly cause any problem. The 
reason is as follows. In area (i) , the SNM of a non- 
selected cell in normal data read mode (word line WL : 
ON) is of the size indicated by a broken line A. On 
the other hand, the SNM of the non- selected cell in "1" 



data write mode is of the size indicated by a solid 
line B. The reduction (degradation) of SNM due to 
the voltage drop in the non-selected cell can be 
compensated with the improvement in latch characteris- 
tics of the first CMOS inverter circuit 21. In short, 
the respective 5-transistor SRAM cells 11 connected in 
the direction of the bit line BL can be designed to 
prevent the total SNM from being degraded. 

In the other 5-transistor SRAM cells (non-selected 
cells) 11, the first voltage VDD is applied to the 
source terminal of each p-type MOS transistor 22a in 
"1" data write mode. No error data "1" is forcibly 
written . 

An operation of applying the second voltage 
VDD-AV to the source terminal of each P-type MOS 
transistor 22a is limited to the cells in a column 
including a 5-transistor SRAM cell 11 that writes data 
"1." Therefore, the number of cells per column can be 
reduced to minimize the increase in power consumption 
due to charge and discharge at the source terminal . 

Furthermore, a voltage drop at the source terminal 
of the P-type MOS transistor 22a in " 1" data write mode 
is less than that in the case where the voltage applied 
to the bit line BL is swung in full . The voltage drop 
therefore hardly affects the access speed. 

Particularly in the first CMOS inverter circuit 
21, the voltage drop does not degrade the SNM. It is 
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thus possible to stabilize the SNM more greatly. 

According to the first embodiment described above, 
a 5-transistor SRAM cell (array) capable of writing 
data "1" with stability can be achieved without losing 
5 cell area reduction effect, decreasing write speed, 

compromising stability, or the like. 
(Second Embodiment ) 

FIG. 3 shows a circuit arrangement of an array 
section of a semiconductor memory device (SRAM) 

10 according to a second embodiment of the present 

invention. The same components as those of the first 
embodiment are denoted by the same reference numerals 
and their detailed descriptions are omitted. 

In the second embodiment, a load voltage (second 

15 voltage VDD-Av), which is lower than the above first 

voltage VDD by Av, is applied to the source terminal 
(power supply node) of each of P-type MOS transistors 
21a and 22a through a VDD power supply line 31a under 
the control of a power supply selection switch 

20 (selection circuit) 33 in "l" data write mode. In 

other words, the VDD power supply line 31a is connected 
to the source terminals of P-type MOS transistors 21a 
and 22a of first and second CMOS inverter circuits 21 
and 22 of each of a given number of 5-transistor SRAM 

25 cells 11 arranged in the direction of a bit line BL . 

With the above arrangement, a drop in the power 
supply voltage applied to the first CMOS inverter 
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circuit 21 degrades the SNM in the area (ii) shown in 
FIG. 4. The SNM in the area (ii) is originally greater 
than that in the area (i) . The device is therefore 
easy to design such that the SNM in the area (ii) 
5 exceeds that in the area (i) . As compared with the 

first embodiment, the parasitic capacitance of the VDD 
power supply line 31a increases slightly, but it hardly 
affects the access speed. 

Substantially the same advantage as that of the 

10 first embodiment can be expected even in the circuit 

arrangement of the second embodiment. In other words, 
a 5-transistor SRAM cell (array) capable of writing 
data 11 1" with stability can be achieved without losing 
cell area reduction effect, decreasing write speed, 

15 compromising stability, or the like. 

In the first and second embodiments described 
above, the second voltage VDD-Av is selected as a load 
voltage in " 1" data write mode under the control of the 
power supply selection switch 33 serving as a selection 

20 circuit. However, the selection circuit is not limited 

to the switch 33. The following is another arrangement 
of the selection circuit. 

FIG. 5 shows another example of the selection 
circuit. The example is applied to the first 

25 embodiment. In this example, a selection circuit 41 

includes a capacitor 41a, a switching transistor 
(P-type MOS transistor) 41b and a NAND circuit (logic 
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circuit) 41c. The capacitor 41a has a capacity 
corresponding to the voltage drop (- Av) described 
above and is interposed between a VDD power supply line 
31 and a VSS terminal 32. The switching transistor 41b 
is connected in series to the capacitor 41a. The NAND 
circuit 41c performs a NAND operation for an output 
WRITE of an AND circuit (not shown) , which performs 
an AND operation for a word line selection signal and 
a write enable signal, and a bit line selection signal. 
The switching transistor 41b is turned on and off by 
the output of the NAND circuit 41c. 

In the above example, the switching transistor 
41b turns on when the output WRITE becomes high in 
level as shown in FIGS. 6A to 6D. Then, the capacitor 
41a sets the potential of the VDD power supply line 31 
at VDD-AV for a given period of time. Data "1" is 
therefore written to the 5-transistor SRAM cells 
(selection cells) 11 with stability. 

FIG. 7 shows still another example of the 
selection circuit. This example is applied to the 
first embodiment and directed to a selection circuit 
41' that is so arranged that the gate of the switching 
transistor 41b is controlled by the output of a NAND 
circuit 41c 1 that performs a NAND operation for a write 
enable signal (W-E) for selecting a word line and a bit 
line selection signal. 

In the selection circuit 41 1 so arranged, the 
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switching transistor 41b turns on when the output of 
the NAND circuit 41c 1 becomes low in level by selecting 
a bit line BL. In this case, the switching transistor 
41b turns on regardless of "1" data write mode or "0" 
5 data write mode. The potential of the VDD power supply 

line 31 is therefore set at VDD-Av for a given period 
of time. Consequently, data "1" is written to the 
5-transistor SRAM cells (selection cells) 11 with 
stability, as in the selection circuit 41 described 

10 above. Moreover, data "0" is normally written though 

the potential of the VDD power supply line 31 is set at 
VDD-AV in "0" data write mode. 

In the second embodiment, too, the selection 
circuits 41 and 41' as shown in FIGS. 5 and 7 can be 

15 adopted. 

(Third Embodiment) 

FIG. 8 shows a circuit arrangement of an array 
section of a semiconductor memory device (SRAM) 
according to a third embodiment of the present 

2 0 invention. In the third embodiment, the source voltage 

(driver voltage) of a driver transistor 22b is 
controlled in "1" data write mode. The same components 
as those of the first embodiment are denoted by the 
same reference numerals and their detailed descriptions 

2 5 are omitted. 

In the third embodiment, a VSS power line 51 is 
connected to the source terminal (power supply node) of 



an N-type MOS transistor 22 of each of a given number 
of 5-transistor SRAM cells 11 arranged in the direction 
of a bit line BL. A driver voltage that is Av higher 
than the first voltage VSS from a first power supply 
55, namely, a second voltage VSS+Av from a second 
power supply 57 is applied to the source terminal of 
the N-type MOS transistor 22b through the VSS power 
line 51 under the control of a power supply selection 
switch (selection circuit) 53 in "1" data write mode. 
In this case, the second voltage VSS+Av is set at 
about 105% to 130% of the first voltage VSS (the above 
voltage Av is set at about 5% to 30% of the first 
voltage VSS) . 

In the circuit arrangement of the third 
embodiment, too, substantially the same advantage as 
that of the first embodiment can be expected. In other 
words, a 5-transistor SRAM cell (array) capable of 
writing data "1" with stability can be achieved without 
losing cell area reduction effect, decreasing write 
speed, compromising stability, or the like. 
( Fourth Embodiment ) 

FIG. 9 shows a circuit arrangement of an array 
section of a semiconductor memory device (SRAM) 
according to a fourth embodiment of the present 
invention. In the fourth embodiment, the source 
voltage (driver voltage) of each of driver transistors 
21b and 22b is controlled in "1" data write mode. 



The same components as those of the second embodiment 
are denoted by the same reference numerals and their 
detailed descriptions are omitted. 

In the fourth embodiment, a driver voltage (second 
voltage VSS+AV), which is higher than the first 
voltage VSS by Av, is applied to the source terminal 
(power supply node) of each of N-type MOS transistors 
21b and 2 2b through a VSS power line 51a under the 
control of a power supply selection switch (selection 
circuit) 53 in "1" data write mode. In other words, 
the VSS power supply line 51a is connected to the 
source terminals of N-type MOS transistors 21b and 22b 
of first and second CMOS inverter circuits 21 and 22 of 
a given period of 5-transistor SRAM cells 11 arranged 
in the direction of a bit line BL. 

In the circuit arrangement of the fourth 
embodiment, too, substantially the same advantage as 
that of the second embodiment can be expected. In 
other words, a 5-transistor SRAM cell (array) capable 
of writing data " 1 " with stability can be achieved 
without losing cell area reduction effect, decreasing 
write speed, compromising stability, or the like. 

In the third and fourth embodiments, too, the 
selection circuits as shown in FIGS. 5 and 7 can be 
adopted. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
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the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



